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Improvements in the Measurement of Distillation Curves. 2. Application to
Aerospace/Aviation Fuels RP-1 and S-8

Thomas J. Bruno* and Beverly L. Smith

Physical and Chemical Properties &$ion, National Institute of Standards and Technology,
Boulder, Colorado 80305

In a previous paper, a number of improvements in the method and apparatus used for the measurement of
distillation curves for complex hydrocarbon fluid mixtures were presented. These improvements included the
addition of a composition-explicit channel of data, improved temperature control and measurement, and
improved and less uncertain volume measurement. In this paper, we demonstrate the improved approach
with application to two complex hydrocarbon fluids, rocket propellant 1 (RP-1) and a synthetic JP-8 that is
designated as S-8. RP-1 is a long-established hydrocarbon fuel that continues to be widely used since it was
first developed in the 1950s. Modern versions of this fluid are produced from a narrow-range kerosene fraction
that is processed to reduce unsaturated compounds and also sulfur-containing hydrocarbons. S-8 is a synthetic
substitute for fluids such as JP-8 and Jet-A. It is produced with the Fischer Tropsch process from natural gas.
As these new and reformulated fluids gain increasing application, especially in aviation/aerospace application,
it will be increasingly important to have material characterization test procedures that are reproducible and
that have a sound and fundamental basis. This will allow modeling of the properties and guide further refinement
of the fluids.

Introduction of this work must be distinguished from dimethyl 4-cyclohex-
ene-1,2-dicarboxylate, which is also referred to as RP 1 or RP
1 ester in the chemical literatufe.

Environmental concerns, and the potential of disruptions in
supply, have led to the development of new aviation fuels based
on the Fischer Tropsch process. One such fuel made from natural
gas is designated as S-8 (the “S” referring to synthetic; CAS
No. 437986-20-4Y.This fluid, which is intended as a synthetic
JP-8, is a hydrocarbon mixture rich in C7 to C18 linear and
branched alkanes. It has a flash point range of between 37.8
and 51.8°C, an autoignition temperature of 21, and
explosive limits in air between 0.7 and 5 (vol/vol). It is clear in
appearance (no dye is added to current formulations) and
significantly lower in viscosity than RP-1.

In the previous paper in this issue, improvements in the
method and apparatus for the determination of distillation (or
boiling) curves of complex hydrocarbon fluids were presented.
The major improvements included the introduction of a com-
position-explicit information channel, as well as improvements
in temperature measurement and control, and improvements in
volume measurement. In that paper, the many applications of
the distillation curve were discussed; therefore such consider-
ations will not be reproduced here. It is simply noted that
because of the wide acceptance and importance of the distillation
curve, it is clearly desirable to improve and extend the
information that can be obtained from the measurement of it.
This will advance the development of more refined testing
procedures of lower uncertainty and will enable development Experimental Section

of more advanced complex hydrocarbon fluids such as fuels. The devel al i d for th t of
In recent years, NASA and the United States Air Force have . . € developmental apparatus used for the measurement o
distillation curves of complex fluids has been described in detalil

been interested in new aerospace fuels and in the reformulation” > . = - . o
of older such fuels. An example of an older fuel that has been earlier! The major features of the apparatus include the addition

reformulated in recent years is rocket propellant 1 (RP-1, MIL- of a compositional information channel that allows a chemical

P-25576C with amendment 2, CAS No. 52932-53-Zhis is analysis to be done, on-the-fly, for any selected cut or point on
a kerosene-like fluid that was used with liquid oxygen as the the distillation curve. This was done with a receiver adapter

oxidizer on such vehicles as the Saturn V rocket engine (first equipped with a sampling area of known volume. Temperature

stage). The recent desire for reformulation stems from the needContrOI has been |m_proved with the |ntro_duct|_on .Of an alur_nlnum
to utilize rocket motors multiple times, rather than one time. enclosure that provides temperature uniformity in the horizontal

The hydrocarbon fluid used for such motors must be very low p'aﬁe’ while allowing a co_ntrolled temperature _grgdignt in the
in sulfur components, aromatics, and alkenic compounds vertical direction. Observation of the fluid in the distillation flask

Distillates from crude oil that are high in paraffinic stocks are and_ head is done in three Iocat!ons of the apparatus with a
generally used for RP-1 production in order to meet specifica- erX|b!e bore SCOpE. Temperature is measured .by therchouples
tions for density, heat of combustion, and aromatic coritent. both in th_e ﬂl_“d (which is the pr_eferred Ipcat!on) and in thr_e
Previous analyses of RP-1 have shown the fuel to be a complexheaoI (W_h'Ch Is used fqr comparison to h|stor|ca_1l data). Fluid
mixture of compounds including linear and branched paraffins, volume is measured with a level-stabilized receiver.

. The fluids that were measured in this work, RP-1 and S-8
Ik .N hat RP-1 in th . > L . ’
alkenes, and some aromatfcs.Note that In the context were obtained from the United States Air Force, Air Force
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Table 1. Listing of the Components of RP-1 Identified by Gas Table 2. Listing of the Components of S-8 Identified by Gas
Chromatography—Mass Spectrometry, Having Chromatographic Chromatography—Mass Spectrometry, Having Chromatographic
Peak Area Counts in Excess of 1% Peak Area Counts in Excess of 1%
retention CAS area retention CAS area
time, min name reg no. RMM % time, min name reg no. RMM %
8.268 2,6-dimethylnonane 17302-28-2 156.19 1.761 2.564 2,5-dimethylheptane 2216-30-0 128.26 1.071
8.759 xy-dipropylcyclopentane NA 154.17 1.043 2.803 4-methyloctane 2216-34-4 128.26  2.415
9.026 1l-ethyl-2-propylcyclohexane  62238-33-9  154.17 0.0461 2.869 3-methyloctane 2216-33-3 128.26  1.251
9.286 trans-decahydronaphthalene 493-02-7 138.14 1.402 3.123 n-nonane 111-84-2 128.26 1.534
9.598 2-methyldecane 6975-98-0 156.19 1.588 3.757 4-methylnonane 17301-94-9  142.28 1.788
9.813 3-methyldecane 13151-34-3  156.19 1.260 3.866 3-methylnonane 5911-04-6 142.28  1.307
10.824 n-undecane 1120-21-4 156.19 2.592 4.186 n-decane 124-18-5 142.28  1.943
11.128 2-methytransdecalin 1000152-47-3 152.16 1.355 4.390 2,5-dimethylnonane 17302-27-1  156.31  1.106
11.373 2,6-dimethyldecane 13150-81-7 170.2 1.242 4.820 5-methyldecane 13151-35-4 156.31  1.238
11.671 2synmethyldecalin 1000155-85-6 152.16 2.003 4.859 4-methyldecane 2847-72-5 156.31  1.068
11.931 1,3-dimethylbutylcyclohexane 61142-19-6 168.19 1.364 4.902 2-methyldecane 6975-98-0 156.31  1.439
12.703 5-methylundecane 1632-70-8 170.2 1.693 4.980 3-methyldecane 13151-34-3  156.31  1.488
13.00  2-methylundecane 7045-71-8 170.2 2.287 5.312 n-undecane 1120-21-4 156.31  2.277
13.223 5-ethyldecane 17302-36-2 170.2 1.384 5.484 2,6-dimethyldecane 13150-81-7 170.31  1.191
13.714 1-methyl-l,2-pentylcyclohexane 54411-01-7 168.19 1.059 5.664 4-ethyldecane 1636-44-8 170.33  1.077
14.278 n-dodecane 112-40-3 170.2 2.351 5.906 5-methylundecane 1632-70-8 170.33  1.593
14.754 2,6-dimethylundecane 17301-23-4  184.22 1.967 5.996 2-methylundecane 7045-71-8 170.33  1.007
16.262 4-methyldodecane 6117-97-1 184.22 1.506 6.074 3-methylundecane 1002-43-3 170.33  1.138
16.447 2-methyldodecane 1560-97-0 184.22 1.817 6.367 n-dodecane 112-40-3 170.33 2.434
16.782 7-methyltridecane 26730-14-3  198.24 1.698 6.524 x,y-dimethylundecane 1.730
17.710 tridecane 629-50-5 184.22 2.585 6.926 2,4-dimethylundecane  17312-80-0 184.36  1.655
17.978 1-methylnaphthalene 90-12-0 142.08 1.220 7.024 2-methyldodecane 1560-97-0 184.36  1.210
18.253 6-methyltridecane 13287-21-3  198.24 1.025 7.383 n-tridecane 629-50-5 184.36  1.630
19.790 2-methyltridecane 1560-96-9 198.24 1.117 8.306 n-tetradecane 629-59-4 198.39  1.289
8.396 n-pentadecane 629-62-9 21241 1.114

aThe area counts are uncalibrated, and are intended only as a rough
guide to the relative composition of the sample. In addition to the aThe area counts are uncalibrated, and are intended only as a rough
components listed here, there were two additional components in excess ofguide to the relative composition of the sample. In addition to the
1% in area counts that could not be assigned by mass or infrared spectracomponents listed here, there was one additional component in excess of

1% in area counts that could not be assigned by mass spectra.

The sample of RP-1 was pink in color because of the presence _ _
of a dye, azobenzene-4-azo-2-naphthol. This sample has beestudied extensivel}f) thus ensuring that no unfavorable decom-
Subjected to an extensive chemical ana|ysis in previous work. pOSitionS will affect the measurement of the distillation curve.
This work was done with a gas chromatographyass spec- The composition information channels that were used in
trometry—infrared spectrophotometry method (30 m Capi”ary COﬂ]l_JnCtlon with the distillation curve meaSUrementS were
column of 5% phenyl dimethyl polysiloxane, having a thickness Provided by two separate chromatographic systems. These
of 1 um, temperature program from 90 to 250, 10°C/min). analytical systems differ from those used for the sample
Mass spectra were collected for each peak from 15 to 550 RMM characterization in that they are optimized for quantitative, rather
(relative molecular mass) units, and infrared spectra were than qualitative analysis. Two gas chromatographs, one equipped
collected between 4000 and 600 ¢hiThe assignment of major ~ With flame ionization (FID) and mass spectrometric (MS)
components (having an area percent in excess of l%) aredetecnon, and the other eqUIpped with sulfur chemiluminescence
presented in Table 1. Overall, the sample of RP-1 showed detection, were used. The method applied to the former
approximately 350 peaks that could be easily distinguished from instrument was as follows: 30 m capillary column of 5% phenyl

noise level and perhaps twice that number that were barely dimethyl polysiloxane having a thickness ofifn, temperature
above noise level. program from 90 to 250C, 10°C/min. For the latter instrument,

a short retention gap of approximatel m of uncoated fused
silica tubing was connected between the injector and the sulfur
chemilumenescence detector. What was desired here was a total
sulfur analysis, rather than a separation or speciation into
components.

Since the measurements of the distillation curve are performed
at ambient atmospheric pressure measured with an electronic
barometer, temperature readings were corrected for what should
be obtained at standard atmospheric pressure. This was done
with the modified Sidney Young equation, in which the constant
term was assigned a value of 0.000 109. This value corresponds
to a carbon chain of 12. In the chemical analyses of the samples,

The sample of S-8 was analyzed with a gas chromatography
mass spectrometry method (30 m capillary column of 5% phenyl
dimethyl polysiloxane having a thickness ofifh, temperature
program from 90 to 2258C, 10 °C/min). Mass spectra were
collected for each peak from 15 to 550 RMM units. The sample
of S-8 had fewer overall peaks, approximately 320 that were
easily distinguishable from noise. The assignments of major
components (having an area percent in excess of 1%) are
presented in Table 2.

In addition to these analyses, a total sulfur analysis was done
on both fluids with a gas chromatograph that was equipped with

a sulfur chemiluminescence detector (SCD). Moreover, a COpper ¢ \vell as in previous work on these fluids, it was found that
strip corrosion test (CSCT) was done for each fluid. The results | 4 qecane can represent these fluids as a very rough sur-
of the SCD and CSCT indicated that the samples were very rogate!

low in sulfur. The results from the GESCD measurements
showed that the sulfur peaks were nearly at the detection limit
of the instrument/method, at 100 ppb (0.000 01 mol/(mol %)).
Exposed copper strips were recovered from the CSCT indis- At the very start of measurement of the distillation curve, it
tinguishable from pristine strips. In addition to the chemical is desirable to measure the initial boiling temperature with the
analysis work, the thermal decomposition of RP-1 fluid has been bore scope approach described eatlieor RP-1, three separate

Results and Discussion
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measurements of the distillation curve were done, allowing three Table 3. Representative Data for the Distillation Curve Data of
measurements of the initial boiling temperature. Bore scope RP-1*

observation allowed measurement of the temperature for the vol fraction, % Tiobs °C Tk, °C
appearance of the first vapor bubble in the range of 190.2 5 197.0 204.0
201.9°C, measured directly in the liquid. Stirring was momen- 10 198.6 205.6
tarily stopped and then started again, as the observations were 15 200.2 207.3
being made. This was necessary because the stirring action can 20 201.6 208.7
25 203.1 210.2

entrain bubbles of air in the moving fluid and create the illusion 30 205.0 212.1
of bubbling from nucleation sites. Sustained vapor bubbling in 35 206.6 213.8
the distillation flask was observed in the range of 197282.5 40 208.5 2157
°C. Vapor was observed rising into the head when the 45 210.2 217.4
; 50 212.2 219.4

temperaturdy reached a mean temperature of 200Z7which 55 214.4 2917
is considered to be the initial boiling temperature for the mixture. 60 216.8 2241
The overall uncertainty of the initial boiling temperature for 65 219.2 226.5
these three measurements was G02All of the uncertainties 70 2217 229.1
reported in this work are estimates of a combined expanded gg ggg:g ggég
uncertainty with a coverage factor of 2 (that isy)2These 85 2338 241.4
temperatures were measured at atmospheric pressure and are 90 241.7 249.4

corrected W_ith t_he quified Sidney Young equation, as dis- aThe uncertainties are discussed in the Experimental Section of the text.
cussed earlier, in which the consta@t= 0.000 109 for an Temperatures noted & are corrected to standard atmospheric pressure
average carbon chain of 12 units. with the modified Sidney Young equation. The actual observed temperatures
) L. ) obs
For the S-8 mixture, the distillation curve measurement was 3¢ Presented a&and were measured at 82.96 kPa.
performed three times at atmospheric pressure. The initial Table 4. Representative Data for the Distillation Curve Data of S-8
bubbling was observed in the range of 1741B1.7 °C

] vol fraction, % Tiobs, °C Tk, °C

(corrected to 1 atm) for the three measurements. Bubbling was
noted as being sustained in the range of 181.0 and 1¥1.7 1?) gi; 12?‘2
(corrected to 1 atm). Vapor was observed rising into the head 15 184.0 190.6
at an average temperature of 1820 (the initial boiling 20 187.0 193.7
temperature at 1 atm), with a combined overall uncertainty of 25 190.2 196.9
0.1°C. 30 1934 200.2
35 196.7 203.5
A note about the temperature observations and uncertainties 40 200.8 207.7
discussed above is in order to clarify the presentation of the 45 204.6 2115
temperatures. The initial bubbling temperatures and the sustained 2(5) ggg-g g%gg
_buk_)b_llng temperatures are provided as ranges observed in the 60 218.0 295 1
individual measurements for each fluid. These measurements 65 2028 230.0
are necessarily somewhat subjective, especially for highly 70 227.8 235.1
complex fluids. It is easy to miss the onset of very small bubbles 75 2335 240.8
or to mistake air entrainment (due to stirring the fluid just prior gg gig:i ggg:g
to an observation) for bubbling caused by a phase change. It is 90 253.7 261.3

nonetheless important to make these observations, however, . . . . .
p 2 The uncertainties are discussed in the Experimental Section of the text.

since_many of these ComP'eX quids show a period of initial Temperatures noted dg are corrected to 1 atm with the modified Sidney
bubbling, followed by a lull in bubbling, followed by the actual  voung equation. The actual observed temperatures are preserifgtas
onset of boiling. There is overlap of some of the ranges quoted and were measured at 83.27 kPa.

for the observation of the onset of bubbling and sustained ¢ompositional information, we will first examine the gross
bubbling. This simply results from differences observed in the iy cture of the temperaturgolume fraction curves. The overall
three different samples. In contrast, the initial boiling temper- spape of the distillation curves is a subtle sigmoid, as would be
ature of the fluid is far less subjective; it is more easily eypected for a complex mixture containing many components.
recognized by the onset of the rise of vapor into the distillation |5 gych cases, the sigmoid shape is far less pronounced than
head. Thisis a true state pqint that is better expressed as a meaynen fewer components are present that vary considerably in
and standard deviation with a coverage fadtor= 2. The size and relative molecular mass. Difficulties with “hesitation”,
uncertainty in the atmospheric pressure measurement was 0.00%hich are commonly encountered when the temperature is
kPa. Thus, the overall uncertainties are a composite thatmeasured in the distillation head (rather than in the fluid itself),
encompass not only the random uncertainty of the temperatureare notably absent from these cur¥dhe reproducibility of
measurement but also the correction to atmospheric pressuregistillation curves measured with the developmental apparatus
and minor variations in fluid composition caused by handling. s typically less than 0.8C. The reproducibility can be seen
Tables 3 and 4 provide representative sets of distillation curve graphically in Figure 3, in which three separate distillation
data for the fluids RP-1 and S-8, respectively. The temperaturescurves are presented for S-8.
are those measured directly in the stirred liquid. The observed A thermocouple located in the distillation head of the
temperaturesT°Ps (at ambient pressure, noted in the table developmental apparatus allows a comparison of distillation data
heading), and the temperatures that have been corrected taaken with the new apparatus with historical data. This tem-
standard atmospheric pressufg, with the modified Sidney perature is designated &s. Comparison is valuable in the
Young equation are presented. The distillation curves for the developmental stage of the new apparatus not only because there
fluids are presented in Figures 1 and 2, respectively, along withis a large body of literature presented in this way but also
the composition channel information. Before treating the because many fluid specifications are presented in terms of



4384 Ind. Eng. Chem. Res., Vol. 45, No. 12, 2006

Distillation Curve for RP-1
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Figure 1. Representative distillation curve for RP-1 showifigagainst volume fraction in the—y plane, and the composition as measured by gas
chromatography along thez* axis, represented as retention time against peak height (intensity). The uncertainties are discussed in the text.

Distillation Curve 1 for S-8
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Figure 2. Representative distillation curve for S-8 showifigagainst volume fraction in the-y plane, and the composition as measured by gas chromatography
along the 2’ axis, represented as retention time against peak height (intensity). The uncertainties are discussed in the text.
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Three Distillation Curves for S-8 Table 6. Comparison of an ASTM D-2789 Analysis for the First
mnn Drop and the Last Drop Recovered from the Distillation of RP-%#
2800 N sum category first drop last drop A, %
2500 ’ 43 paraffins 27.0 36.4 +26
o " 41 monocyclo- 43.4 34.7 —20
200 - 67 dicyclo- 18.6 20.1 +7.5
[= . 77 alkylbenzenes 10.2 6.1 —40
g 200 o 103 indanes 0.6 05 —-20
® s 8 — 128 naphthalenes 0.1 2.3 +96
@ . B - * Curve
£ . "oued aThe categories (and their related sum series from D-2789) are presented
g e as volume fractions, along with the percent change from the first to the last
2000 — drop.
1800 P boiling point components as the temperature of each cut
. increases. Having this presented as an on-the-fly chromatogram
o o m & s e W & %0 10 is advantageous in that one can relate the compound suite to
Volume Fraction, % the temperature on the distillation curve. The diagnostic value

Figure 3. Typical reproducibility of distillation curves measured with the  of this information will be illustrated later in this section.
developmental apparatus is illustrated by three separate curves measured The composition channel allows the application of any

for S-8. analytical method or technique that is amenable to a liquid
Table 5. Comparison of T, Values Measured in This Work, organic sample in solution. This includes additional ASTM
Relative to Historical Distillation Data of RP-1 and to Recent Data methods that are commonly applied to hydrocarbon fuels. One
of S-8 with an Independent Measurement on the Same Lot such method is D-2789, a gas chromatographic mass spectro-
Th (°C) metric technique that classifies hydrocarbons into families
fraction NASA CRC AG NIST AFRL (paraffins, monocyclics, dicyclics, alkyl benzenes, indanes/
(a) Historical Distilation Data of RPAL tetralins, gnd naphthalenics). While not without its Iimitation_s,
T10 185-210 197 527 195.7 and certainly not the only such test used for gross characteriza-
T20 02 199.0 tion, it can be used reliably as a comparative tool, for evaluations
T50 205 06 212.0 between individual batches of fuels. The availability of D-2789
T90 236 06 241.0 categorization for each distillate fraction (of the D-86 analysis)
(b) S-8 with an Independent Measurement on the Sante Lot greatly expands the insight gained from either method used
%g ggg igg alone. We have applied the methodology of ASTM D-2789 to
T50 205.2 201 the first and last drops of fluid recovered from the distillation
T90 253.8 249 of the sample of RP-1. These data are presented in Table 6, in

aThe NASA specification is from ref 16; CRC is from ref 14, and AG which the category fractloqs (and their rglated sum series) are
is from ref 15. Because the original source of ref 13 is restricted, this Presented as volume fractions, along with the percent change
comparison is presented as a deviatiofrom the NIST measured value. ~ from the first drop to the last. While not all of the categories
b The source of the AFRL data is ref 17. calculated by this method are applicable to RP-1, several are

significant. These are the paraffins, alkyl benzenes, and naph-

distillation head measurement. In Table 5a, a comparison isthalenics; the others are often unreliable or insignificant in the
made between th&, measured in this work (corrected to 1 atm  analysis of samples such as RP-1. It is clear that there are major
with the modified Sidney Young equation) with available compositional changes in these categories from the first to the
historical distillation data for RP-11¢ In Table 5b, a similar  last drop of RP-1 distilled. The fractions of paraffins increase
comparison is presented for S-8, measured recently in anmarkedly, those of alkylbenzenes decrease markedly, and those
independent laboratory on the same lot of matéfialhe of the naphthalenics increase dramatically. This is consistent
difference in the comparison stems from the long historical with the implications of the distillation curve itself, and also
availability of RP-1, and the relatively recent availability of S-8. with more detailed analyses that have been done.
The data in these tables are presented as the common fractions Since the use of the sampling receiver adapter results in an
used for specification purposes. Thus, T10 refers to the aliquot that can be analyzed by any applicable technique, the
temperature at which the 10% volume fraction is observed, etc. information that can be augmented by the composition channel
For both RP-1 and S-8, thie measurements made in this work includes spectroscopic data and element selective detection. This
are very close to the historical measurements available for RP-may be illustrated by measuring the distillation curve of a sample
1, and the previous measurements that are available for S-8.0f RP-1 that has been spiked with 1 ppm (mass/mass) of ethyl
The typical deviation is approximately &, which is modest mercaptan. This curve is provided as Figure 4, in which the
when one considers that fuel specifications often quote allowable chromatogram (measured with flame ionization detection, FID)
temperature ranges of up to 26. for the 30% fraction of the distillation curve of RP-1 is also

The composition channel provides the chromatogram of eachshown. It can be seen from the appearance of the curve that
cut in thez-axis, as shown in Figures 1 and 2. In these figures, this trace quantity of a sulfur compound makes no noticeable
the chromatograms were measured with the GC-FID method difference to the distillation curve. A separate analysis with a
described earlier. The gross structure of the chromatogramsgas chromatograph equipped with a mass spectrometer was done
illustrate that the component suite for the early fractions is rich on the sample from the 30% fraction and was matched (peak
in very light components. As the distillation curve progresses to peak) to the FID chromatogram. The mass spectrum of the
to higher and higher volume fractions, the chromatograms show major constituent, shown in inset A, can be identified as
that the components that make up the fraction shift to longer resulting fromn-dodecane. Another analysis with a gas chro-
retention times. Because of the nature of the stationary phasematograph equipped with a sulfur chemiluminescence detector
one can observe that the chromatograms shift toward higheris shown in inset B, in which a total sulfur analysis without
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Distillation Curve for RP-1
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Figure 4. Distillation curve for RP-1, in which the chromatogram for the volume fraction at 30% is shown. Analytical samples were routed into a mass
selective detector (inset A) and a sulfur chemilumenescence detector (inset B). The mass spectrum of the largest peak allows the identificdgonrt.
The sulfur detector shows the presence of spiked ethyl mercaptan.

separation was performed. The chromatogram shows the RP-1 Distillation Curves
response to the presence of ethyl mercaptan. This application
of secondary, off-line analyses applied to distillation curve ¢
fractions can be very valuable for diagnostic purposes and to "
explain the structure of distillation curves. Moreover, it can be , *
helpful in resolving discrepancies in such curves. = P .« ot
As an illustration of the application of the composition g « RP1, out of spec .
channel in resolving discrepancies in distillation curve data, one & o0 *
can compare the measurement of RP-1 considered earlier (Figur¢g .
1, Table 3) with measurements performed on an off-specification § 220 . .
lot of the same material. As part of a large program on the = .t - "
thermophysical properties of RP-1 recently completed at NIST, ., Lo e "
it was discovered that one of the samples of RP-1 was unusual g n b 7"
in that it had a larger than expected concentration of aromatic
and alkenic constituent$.The within specification batch had o 1 & o & W @ w10
markedly fewer aromatic and alkenic compounds, instead being Volume Fraction, %
much richer in saturated branched aliphatics. The unusualFigure 5. Distillation curves for a sample of out-of-specification RP-1 and
composition of the out of specification batch was reflected in a sample that is within specification.
numerous property measurements such as density, viscosity, and
thermal decomposition rate constatftsThe viscosity of the were drawn at volume fractions of 70, 80, 90, and 95% and
RP-1 that was within specification was between 4 and 9% higher were dissolved inn-hexane solvent. These samples were
than that of the off-specification batch. The decomposition rate analyzed by a gas chromatographic FID method similar to that
constants of the within-specification batch were lower. These described earlier. The major difference in the analytical method
observations are consistent with the difference in composition. was the application of a pressure-pulsed splitless injection
In addition, differences were noted in the distillation curves of sequence consistent with chromatographic trace analysis. Rep-
the two different batches of RP-1. Since it would be of value resentative chromatograms for the 70 and 90% fractions are
to employ the composition channel to resolve and understandshown in Figure 6a,b. The greater preponderance of chromato-
such differences, the distillation curves of samples from each graphic peaks at the later eluting stage of the chromatograms
batch were measured. These curves are presented in Figure 5f the within specification fluid is clearly visible. Analysis by
which shows the pronounced divergence at the heavy part ofa gas chromatographic mass spectrometric method confirmed
the curve. The overall structures of the curves are consistentthat these additional peaks in the heavier fractions of the two
with the property measurements; the out-of-specification batch fluids are indeed saturated branched aliphatic compounds.
is lighter in the higher volume fraction range of the distillation Moreover, there is a correlation in the appearance of the
curve than is the within-specification batch. Analytical samples chromatograms and the disparity (or distance;,@) in the
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Figure 6. Chromatograms for the (a) 70% fraction and (b) 90% fraction of in-specification (top) armitrof-specification (bottom) RP-1. The large peak
on the extreme left is that of-hexane, the solvent.

distillation curves. As the divergence between the two curves it has been demonstrated that the compositional information
becomes more pronounced, one finds more later-eluting peakschannel is important in explaining unusual or disparate results
on the corresponding within-specification chromatograms. Thus, that might result from off-specification batches of fluids.

the composition channel aids in explaining the structure of the
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